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STUDIES ON THE THERMODYNAMICS OF THE ATMOS- 
PHERE. 

11.-COORDINATION OF THE VELOCITY, TEMPERATURE, AND 

OF EUROPE AND NORTH AMERICA. 
PRESSURE IN THE CYCLONES AND AN.TICYCLONES 

By Prof. FRANK H. BICELIJW. 

THE ADOPTED MEAN TEMPERATURES AND GRADIENTS ON THE ~OOO-YETER 

I n  order that we may have a suitable esainyle for discussion 
in the application of the theriiiodynainic formule to the atnios- 
phere, it will be profitable to adopt an average system of teni- 
perature distributions in cyclones ancl anticyclones, derived 
from the observations that lis\ e been iiiacle available by the 
computations of the preceding paper of this series. The prac- 
tical d3iculty of securing, by nutilerom ascensions at the s:iiiie 
time, a sufficiently large number of accurate siiiitiltaneoiis 
Observations in the several sulmreits around the barometric 
centers, for all the levels required 111) to lCJ,OOO nieters, is rei g 
great when one special teiiiperature tlitlturbance is to lie ob- 
served, as in an iiicliriclual storiii. It n~oulcl be clesira1)le to 
niake numerous siiiiultaneous ascensions from different points 
of the same cyclone, as lias been clone in Europe, if it  is 1'0s- 
siLle to do SO from 111any stations, say for 25 to 40 in nuiuher, 
but the result nil1 then be to xire the conditions in only one 
case, ancl i t  would of course require many siiiiilar groups of 
such ascensions to enable 11s to seaire what iiiay be accepted 
as the average or normal t j  pe of cyclonic temperature tlistri- 
bution. Repeated ascensions a t  a single station, where the 
facilities for the n ork are generally inucli more aclequately 
elaborated, accoiiiplish the saiiie purpose by nllowiug tlie kites 
to remain aloft, ancl thus permitting the cyclone to drift inst 
the instruments which register tlie varying changes of tenipera- 
ture, pressure, humidity, and wind vrlocity. By utilizing the 
numerous ascensions of kites and balloons innile a t  Halcl, Ber- 
lin, auclBlue Hill, we can secure the approxiniate normal or aver- 
age state of the temperatures witli which to explain and test tlie 
proposed therinoclgnamic systeiii. Owing to the iiiconipletenesb 
of our available data, i t  is necessary to assume some exten- 
sions of the probable teiiiperatures beyond the actual observa- 
tions, but i t  can be done without lbringing into doubt the main 
principles involved in this discussion. The further acquisi- 
tion of observed data by work in the future will correct any 
numerical errors that mag now arise from this procetlure. I n  
order to establish the theory of the energy of storms which I 
have proposed, i t  seems proper to use the best available data 
in these preliminary computations, rather than wait for more 
completely satiHfactory compilations of temperature observa- 
tions. It will, also, facilitate a correct interpretation of the 
results of future balloon ancl kite ascensions, if we can show 
that our theory is capable of suitably explaining the present 
adopted mean system of temperature distributions in cyclones 
and anticyclones. We can iufer froin the preceding paper that 
the American and European observations a t  the three given 
stations in the lower levels approach so closely together in 
their nuiiierical details on the 4000-meter level, that we shall be 
justified in adopting the European observations above 4000 
meters as a fair representation of  the conditions in the North 
American atmosphere, which, however, remains to be practi- 
cally explored in the higher levels. 

I n  order to concentrate the work of computation which nil1 
follow, we extract froin Tables 1, 3, 3, 4, the temperatures, T, 
in centigrade degrees, for the several 1000-meter levels, as 
given in the last coluiiin of each quadrant. These tempera- 
tures appear in the left-hand section of Tables 9 and 10, which 
give the temperatures ancl variations of temperature on each 
1000-meter level in American and European cyclones and anti- 
cyclones for the winter and for the suinmer. It should be 
noted that we have been obliged to introduce certain values 
for the north quadrant in the American data, because direct 
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observations are entirely lacking, except in the winter high 
areas. The values here adopted have been the outcome of con- 
siderable labor, and they may be found to need some modifi- 
cation as the result of other direct observations. I have been 
guided in the determination of the interpolated temperatures 
by three different considerations, (1) the relations of the cen- 
ter areas to the north areas in general, (2) the comparison of 
the European data with the American, and finally, (3) the hal- 
a w e  of the entire system, consisting of the four sectors of the 
high areas and the four sectors of the low areas taken in con- 
nection with the mean temperatures and gradients of the atnios- 
pliere without regard to any cyclonic disturbances. Thus, 
liaving adopted the mean temperatures and gradients of Table 
11 ant1 the mean variations in seven sectors of Table 9, i t  is 
easy to coinpute the variation in nng missing quadrant, as the 
north. A complete Litlance must evidently be maintained, 
because the hum of the excess and defect of the temperatures 
in the several areas on a given level of the cyclone and anti- 
cyclone at any eleration, as 1000 meters, 2000 meters, etc., 
must be equal to zero. However, in these papers, as we are 
c*oncernecl only with approximate relative disturbances of the 
temperature, and since individual cyclonic disturbances differ 
wiclely from nng noriiinl type that iuag be adopted, such inter- 
polations rosy be admitted for the purpose of discussion. 
T ~ B L E  9- Tenip-oftoe.s trqi t l  twriutio?is of teniperalure 011 each I/JoO-meler 
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\Ye nest take the mean tem1ier:tturt.s of all the high and 
low areas for the four available systems, the American winter 
and summer up to 4000 meters, and the European winter and 
summer up  to about 10,000 meters, and set thein in the middle 
column of Tables 9 ancl 10, as well as in Table 11, the adopted 
mean temperatures and gradients on the 1000-meter levels for 
American and European cyclones and anticyclones. It will 
be seen that a t  the 4000-meter lerel the temperatures are 
almost exactly equal in the two regions, for winter -14.0° 
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the same temperatures prevail in the midst of the track of the 
cyclones and anticyclones in the Northern Hemisphere, that 
is over Blue Hill, latitude 4 2 O ,  in the United States, and over 
Halcl, latitude 56', and Berlin, latitude 5 2 O ,  in Europe, though 
the stations are themselves in different latitudes. We can, 
therefore, adillit the European data to apply to the American 
tempernture~ above the 4000-meter level, a t  least approsi- 
mately. 

I have also, in Talde 11, extended the temperatures and 
graclieuts up to 16,000 meters, using the known temperatures 
elerirecl from European observations so far as possible in these 
high elevations, because I wish to secure some tentative val- 
ues of the pressure, the density, aud the gas factor a t  those 
altitudes, to be computed by the formula which will be intro- 
duced in the following paper of this series. It should be ob- 
served that the gradients are smaller in the lower levels than 
in the iiiitidle levels, 4000 to  10,000 meters, and that they 
are again smaller in the high levels above 10,000 meters. 
This type of variation in the gradients conforms to the warm 
zune obseriecl by Teisserenc de Bort a t  the liigh levels, his 
c'isothermal '' zone, so that there are in the atmosphere two 
zones of relntivelp S I U ~  gradients, the lower near the surface, 
from 0 to 4000 nieters, and the higher above 10,000 meters. 
I n  these zones there are rapid alternatious in temperature, as 
c*o~iipared with the midille zone, showing that mising currents 
prevail iu these two strata of the atmosphere, the lower, near the 
surface, lwiug the region here the cyclones ancl anticyclones 
are pnera ted  by tho counterdow of warm :%lid cold currents, 
and the latter, in the high levels, nliere the warin air over- 
dowing froin the Tropics mixes with cold air from the polar 
zones. As this is a su1)ject belunging to the general circula- 
tion, further discussion of i t  will be postponed to a later paper. 
I t  sliould alsn be noted tlint I hare gradually eliminated the 
anuu:tl variation in the temperature in the levels above -1000 
meters, which is, I suppose. in agreement with the ohserved 
teuiperatures in tlie high levels. These adopted data will a t  
least serve as emmples, approxiinate to the truth, for iutro- 
duction into the theriiioclynamic cliscnnsions to follow. 
THE VARIATION:, OF TEMPERATURE I N  THE SEVERAL SECTORS O F  CYCLONES 

AND ANTICTPLONE~ UN EACH ~ ~ ~ O - M E T E R  LEVEL. 

Having derived from nuiuerous clirect observations the ap- 
prosinlate normal temperatureR prevailing in typical cyclones 
and anticyclones, I proceed to c1ethic.e a somewhat better aver- 
age system of tempemt,ores by tlie following cliscussion: 

If To is the mean or unclistiirbed temperature which pre- 
vails a t  a giveu level, independent of any local cyclonic clisturb- 
ance, and 7' the temperature a t  a given disturbed point, as in 
the several sectors of the high and low areas. then To= T+ 1 T, 
and - J T = T - To is the correction to  transpose the mean 
To iuto the observed T. Thus. in Talde 9, under American 
winter high areas. a t  the north sector of the 4000-meter level, 
tlie temperature is -'i.9', which is +6.1° warmer than the 
mean temperature of that level -11.0", taken over the com- 
bined high aud low areas of the region. The variations AT 
of the second section of Tables 9 a1id 10 are, therefore, the 
corrections to change the mean To to the ohserved temperature 
2: in which the tjign + means warmer, and the sign - colder 
than the average temperature To. An inspection of these 
tables will &on the prevailing temperature variatiom in the 
several quadrants, ancl a comparison of the American wit11 the 
European variations up  to 4000 iueters shows the extent to 
which the data fail to couform precisely. Allowance must, of 
course, be iiiacle for the fact that Blue Hill is near the ocean 
011 the eastern side of a great continent, and Hald and Berlin 
on the northwestern sicle of mother coutineut, so that the per- 
inaueut ~nasses of air, as the high nrens to the northwest. of 
Blue Hill in winter, but  to the northeast of Halcl and Berlin, 
or the high area to  the southeast of Blue Hill in summer, and 
t u  the south\\ est of Halcl and Berlin, must necessarily make 

_ _ _ ~  
0 c. 

-20.4 
-14.5 
- 9 . 0  
- 4 . 1  

0.3 

-27.4 

~~ - - ~~ 

0 c. 0 c! 0 <! 0 L! I.! 

+ 1 . 0  - 3 . 6  + 2 . 1  + 5 . 9  . . . .  
+ 1 . 6  - 3 . 5  + 1 . 6  +6.O .... 
+ 1 . 6  - 4 . 9  - 1 . 3  + 4 . 6  .... 

+ 0 . 4  - 5 . 8  f2.s + 5 . a  .... 

+ 1 . 4  - 4 . 2  + 1 . 1  + 5 . 7  .... 
+ 0 . 3  - 4 . 1  - ? . 9  + 2 . 5  .... 

oc. 
-21.6 
-14.5 
- 8.5 
- 3.3 

0 . 5 .  
2 8  

6000 ..... . 
6000 ...... 
4000 ...... 
MOO ...... 

-26.6 -29.6 -27.8 -29.0 -27.4 
-19.2 -22.4 -21.7 -23.9 -20.4 
-13.0 -16.0 -15.4 -19.5 -14.6 
- 6.6 -10.0 --10.0 -13.2 - 5.0 

6000 . .__.. 
5000 ...... 
4Ooo .... 
SOOO .... 

-16.7 -24.3 -18.9 -16.7 
-10.6 -17.2 -13.1 -10.2 
- 4 . 9  -11.2 - 7 . 7  - 4 . 2  
- - 0 . 4 - 6 . 5 - 1 . 7  0.8 

Height Temperatures T. Variations -AT. 

W. I Me'n"l N.  E. S. W. 
Mean 
-AT. 

0 c: 
-33.2 
-24.0 
-18.0 
-13.2 
- 9.0 
- 3.8 

0. 8 

oc. 
-24.5 
-18.3 
-12.9 
- 7.9 
- 6.4 
- 2 6  

0.8 
1 - I I 

EUROPEAN WINTER LOW AREAS.-From Tahle 3. 
- _ _ ~  I 

~~ ~ ~ 

+ 0 . 9  - 2 . 2  - 0 . 4  - 1 . 6  2.50 
2.56 
2. i n  
2. ti3 
2. IS 
1. i o  
1. SY 

I -  

+ 1 . 2  - 2 . 0  - 1 . 3  - 3 . 4  + 1.5 - 1.5 - 0.9 - 5.0 
+ 2.4 - 1.0 - 1 . 0  - 4 .2  
+ 2 . 6  - n . 9  - 0 . 1  - 1 . 4  
+ 1 . 8  + 0 . 7  t 1 . 1  + 0 . a  

MOO ...... - 1 . 5  - 5 . 0  - 4 2  - 5 . 5  - 4 1  

0 ...... 6.9 4.2 6.6 6.6 4.3 
1000 ...... 1 2.1 1.0 1.4 0 . 5 ;  0:s 

+ 2 . G  - 0 . 1  + 2 . 3  + ? . ?  

-19.1 
-13.0 
- 7.2 - 2. 1 

2. 2 
8. 1 

14. 1 

+ 2 . 4  - 5 . 2  + 0 .2  + 2 . 4  
+ 2.4 - 4 . 2  - 0.1 + 2.6 
+ ? . 4  - 4 . 0  - 0 . 5  + 3 . 0  + 1.7 - 4 . 4  + 0.4 + 2.9 
+ 0 . 5  - 5 . 1  + 0 . 4  + X i  
- 1.3 - 4.3 - 0 . 7  + 1.7 
-n.4 - 2 . 8  - 1 . 3  - 0 . 1  

.... 

.... 

. . . .  

.... 

. . . .  

.... 

.... 

~ . 
2000 ..... 2 . 7 - i . 9  2.6 5 .9  
1000 .... 6.8 3.R 7 .4  9.8 

0 ._... . 13.7 11.3 12.8 14.0 

-~ 

2. !1S 
2. ! # I  
2. 79 
2. 1;s 
2. 70 
2, A I  
1.4s 

+ 6.  s -+ n. 9 - 2. R - 3. $1 + 5 . 2  ~ l -  1 . 4  - 3.1 - 4 . 1  
+ 4.4  + 1.3 ~ 3 . 4  - 3 . 3  + 4 . 1  + 1 .3  - 3.8 - " 6  

1 1 hlrau from 0 to 4000 mrten, ?. 43 

TABLE ll.--Bdopted mean teniperccturm ofad gradient8 on the Ittorl-itwter lert Is 
for Amaricccn cind Ewoppetrn cyclones and nnticyi-(ones. 

1 _ ~ - _ _ _ _ _ _ _ ~ _ _ ~ ~ - _ _  

Winter. Summer. 

.41uericau. 

A T  
_ _ -  

T iiJT0 

Height 
in 

meters. 

~. - 

16000 

15000 

14000 

13000 

12000 

11000 

IOOM 

Boo0 

So00 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

000 

Aruericao. 1 European. 
__ 

A T  
m0 

0 rl 

-3.5 

-3. 0 

--2.5 

-2.0 

-- 

4. n 
-5 5 

-6. 6 

-7. 1 

-7.0 

-6.8 

-6.5 

-5. 5 

-5.  n 
-4.7 

-2.8 

-4.3 

-I ~ 

--I- 

, 
I 
I 

i 
I 

T 
A T  

T loon 2-T 
1 Orlo 

0 ('. 

-3. 5 

- 2. (I 

-2 5 

-~? .  0 

~~ 

-4. n 
--5.5 

-6 .5 

--7.0 

-7.0 

-7.0 

-7. n 
-5 .9  

-5.5 

--4.Y 

--J.4 

--4.o 

T 

0 I !  
-75.4 

- - i l .  9 

-6% 9 

- 66.4 

-64.4 

4 0 . 4  

--w. s 

-4s. 4 

-41.4 

-34.4 

-27.4 

-20.4 

-14.5 

- 9 .0  

- 4. 1 

+ 0.3 

+ 4.3 

0 r: 0 r: 
-72.2 

4 9 . ?  

-I%.? 

--62.2 

-54." 

--5'2.7 

-4.0 

-3 .0 

-3.0 

-4.0 

-5.5 

--fi n 

0 c: 
-73. Y 

-70. 4 

-67.4 

-64.9 

-62.9 

-65. 9 

-53.4 

-46.9 

-39.8 

-3% 8 

-26.0 

-19.5 

- 14. n 
- 9.9 
- 4.3 

- 1.5 

+ 2.8 

-6% 1 

- 6 5 . 6  
-2.5 

-2.5 
--63.1 

-59.1 

-53.6 

-47.1 

4 0 . 1  

-32.6 

- 25.6 

-19.1 

-4 .0 

-5.5 

- s . 5  

-7.0 

-7.5 

--i.{J 

-6.5 

--R. 1 

- s  R 
- n . n  

-46.7 
-6.7 

-40.0 
-7.0 

-6. 5 

-5.9 

-fi.5 

-7.0 

-33.0 

-26.5 

-20. G 

-14.1 

- 7 1  - i . ?  

- 2.1 
-6. 1 

-4.3 

..- 
- 7.5 

-6.0 
+ 0.4 

+ 6.4 + 2.2 

4 11.4 + s.1 

+l7.2 + l 4 . 1  

-5.4 -5.9 

-5.4 -6.0 

and -14.5', and for sunimer -7.1' and -7.2', respectively, 
for America and Europe. This indicates that!, after escaping 
from the confusion in the circulation near the surface, about 
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differences as to the temperature configurations of the several 
quadrants in the American and European systems. We have 
been proceeding on the assumption that the northern sector of 
the cyclone contains the ‘‘ saddle ” of pressure described in my 
papers on the barometric distribution, and while I have found 
it actually oriented in any one of the four quadrants a t  different 
times, yet it is situated to the north of the center in the great 
majority of instances for the United States. 

I f  the mean variation of JT is computed up to 4000 meters, 
without regard to sign, to show the average relative distortion 
in the temperature level surfaces, we find for the- 

American winter areas, the mean J T= 3.11, 
American summer areas, the mean J T = 2.00, 
European winter areas, the mean J T = 2.21, 
European summer areas, the mean J T = 2.43. 

The American winter disturbance is 1.57 times that of summer; 
the European winter disturbance is 0.81 time that of the buin- 
mer; the American winter dibturbance is 1.42 times that of 
Europe; and the American summer disturbance is 0.83 time 
that of Europe. On the whole the disturbances of tempera- 
ture were about the saiiie in each of these districts in the 
weather conditions when the direct observations made in 
balloon and kite ascensions were executed. What the relative 
values are in more strongly clevelopecl storms reiiiains to be 
determined by further investigations. 

I n  order to construct the mean temperature variations, J T, 
adopted in Table 12, we proceeded as follows: The variations 
of Tables 9 ancl 10 were plotted on diagrams like fig. 5 ,  the 
American up to 4000 meters, the European up to GOO0 meters, 
and then lines dividing the w-arm areas from the cold areas 
were drawn, the result showing that there is a similar config- 
uration in spite of minor differences. Then the mean values 
of these two systems were taken, that is. the :withwetical 
means of the several pairs of American and European d u e s  
in the same sector, so that the two observed systems were 
reduced to one system, which made another drawing like fig. 5 .  
The sequence of the numbers in the same sector from tlie 
ground up through the several levels, such as appear in Table 
12, was then examined, and, on the assumption that the change 
from one level to another should be gradual, and in harmony 
with those above and below. it was possible to detert iniper- 
fections in the observational data. There were not many impor- 
tant changes necessary to be made. and the final changes ctin 
be checked by the reader from Table 13, which is the adopted 
mean system taken by averaging Tables 9 and 10, together ait l i  
the occasional minor corrections mentioned. These gradient 
variations, that is, the JT of Table 12, can be checked in the 
following way: The sum of the variations, J T ,  found on the 
same level, as 10,000, 9000, etc., should be zero, if the adjuqt- 
ments are relatively perfect. An examination of the check 
sums shows that they conform suficiently for our purposes, as 
already defined. The vertical sequence of the numbers ill tlie 
several sectors, N., E., S., W., of the high and low areas. winter 
and summer, now harmonizes so far as minor irregularities in 
our observational data are concerned, but it will be proper to 
modify this adopted system whenever suitable evidence of any 
important inaccuracy can be procurecl. 

We may observe that, generally, the north and west sectors 
of the minter high areas are warm througl~out, the east is cool 
in the high, and warm in the low, while an inversion of tem- 
perature takes place in the south sector. The last sector, to 
some extent, conforms to Professor Hann’s inversion data. but 
the other sectors do not confiriu his view. I n  the winter low 
areas the north and east sectors are warm, tlie west is cool, 
anil the south again inverts. I n  the suninier high areas the 
east sector is cool, the west is warm, and the north is warm 
up to 7000 meters, while the south inverts at 5000 meters from 
cool t o  warm; in the low areas the north and east sectors are 
warm, and the south and west, sectors are generally cool. 
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-7.1) 

-c. 9 

-fi. 7 
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TABLE la.-Adopted mean temperature v a r i n k ,  -AT, in American and 
European cyclonea and anticyclows, 

WINTER. 

6000.. . . . 
5llIKl ..... 
4~ll)o.. . . . 
3111111.. . . . 

Y M O . . . . .  

iow. . . . 
n..... 

-1:. 2 

-6. x 
-6. 4 

4 . 3  

-5.2 

-5. 7 

-5.7 

-19. 9 

-13.6 

- 7 .2  

- 11.9 

+ 4.3  

+in. 0 

+ i ~ 7  

High areas. 
T- To= - A T 

N. E. 8. W. 

O ( I  of-! or. oc. 
-1.0 -2.0 t o . 5  + 2 . 0  

-0.5 - 2 . 5  t n . 9  +2.4 

+n.o -3.0 + I . Y  t 3 . 0  

+O.7 -3.5 +1.5 + L O  

+1 4 -4.0 + I . ?  t 5 . 0  

+ 2 .  u -4 6 0 0 t 5 . 7  

i 2 . S  -4.3 -1.2 t5.6 

+2.7 -4.1) -1.3 + 4 . 8  

+2.0 -3.8 -2 .7  4 4 . 0  

+1.5 -3.1 -2.5 13.3 

+n.G -2 .1 -3.5 t 2 . o  

X U  hl 11 EI?. 

-I .  2 - I .  5 4 lJ.2 t l . 0  

d J . 6  -2.0 t O . 5  t l . 5  

-11.18 -2.5 + L O  f1 .8  

t u .  7 -3. u + I .  5 +’. 0 

+ 1 . 1  -3.3 + I . ?  t 2 . 4  

+ l . B  -3.2 -0.1 +?.S 

t 2 . 3  -3.2 -n.5 +?.? 

t 1 . 9  -2.9 -0.4 +2.0 

+1.4 -2.2 -1J.4 +1 .6  

+0.5 -1.3 -1.2 +1.11 

+0.2 -1.6 -2.0 t 0 . 4  

~ ._._ . . 

Low areas. 1 
1 Check T -  To=-AT 

N. E. 8. \V. 

O(’. or. oc! o r .  
+2.2 +3. 0 - 2.0 -2.8 

+2.0 +3.0 -2.2 -3.0 

+ 1 . 5  + 2 . i  -2.5 -3.3 

1 1 . 2  +2.5  -2.6 -3.5 

t - 1 . 1  t 2 . 2  -2 R -3.8 

t I .  2 +?. 0 -2.8 -4. 11 

$ 1 . 4  +1.8 -2.4 3 . 5  

+?.? +1.4 -2.3 -3.4 

+2.4  t 1 . 2  -1.3 -3.0 

t 1 . 7  +1.3 +1.1 -2.2 

+0.9 +1.1 + ? . 9  - 1 . 7  
~~ 

- - 

+4.R +I .?  -?.0 -2.5 

+ 4 . 6  + I .  2 -?.3 -” -.8 

f 4 . 4  +1.0 -2 i -3.n 

+4.’ 1-1.2 -2.IU -3.2 

t 4 . 0  +1.4 -3.0 3 . 5  

t3. 3 + I .  4 -2. 7 -3.0 

$ ? . S  +1.3 -2.0 -2.6 

t 2 . 4  tn.:;  -1. o -2 G 

+ 1 . 9  +n.2 0.0 -2.4 

t o .  s +n. 4 +2. 8 -1.5 

t 1 . 2  4-0.4 +1.0 -2.2 

sums. 

oc ‘Jc + 7.7  - 7.8 

t 5.3 - 8.2 

+ 8 . 5  - 8.8 

+ 9 .9  - 9.6 

+IO. 9 -10.6 

t I O . 9  -11.4 

+1!?.0 -11.4 

+11.1 -11.0 

+ 9.6 -IO. 8 

+ 8.9 - 7.8 

+ 7.5 - 7 . 3  

+ 7 . 2  - 7.2 

+ 7.8 - 7.7 

+ 4 . 2  - 8.2 

+ 9.6 - 9.2 

+10.4 - 9.8 
+ 9.4 - 9.0 
+ 8.6 - 8 .3  

+ 6.6 - 6.9 

+ 5.1 - 5.0 

+ 4.1 - 5.3 

+ 5 . 0 - 5 . 1  

These facts can be seen plainly on fig. 5 .  which reproduces 
the numbers of Table 12 in a graphic form. I have added a 
few arrows to suggest the probable flow of the cool ancl warm 
currents in tlie several levels. Thus, in tlie 10,000-meter level 
the cool ciirrent, is from the northwest, in the middle levels, 
as 5000 meters, from the north. anil in the lower levels from 
the northeast. The warm current is generally from the south 
with a siualler rotmation from the southwest through the south 
to tlie southeast. I shoulcl like, in this connection, to call 
special attention to figs. 6 and 7 of my paper 111: “The 
observed circulation of the atiiiosphere in the high and low 
areas,” IL INTHLY WEATHER REVIEW, March, 1902, where the re- 
sults of the work of the Weather Bureau on tlie circul a t’ ion 
tluring the International Cloud Year, 1S96-7, were suminar- 
izecl. The observed vectors and the components which dis- 
turb the norn~al  motion of the atmosphere are there given. 
Two characteristic features were then mnrkecl with the letter 
A .  one on the northern quadrants of tlie cyclonic coniponents, 
aucl the other on the fiouthern quadrants of the anticyclonic 
compouents. R!y coni1iuri?y rr,ith Jig.  (5 of this pcper, it 7cdl be 
.ww thot fhwr  is  n wifnt inn throri[/k nhortl 9O0, froni the north- 
iwst t o  thr )iortheust i / i  tlir north Tundrntit.,for both wlocity conipon- 
rirts c r ~ d  , f o r  tmiperot i iw w-iatiotzs in ] )awing  froin Ihe 10,000- 
nirfer iei*sI.q to the sii?:fnce: o ) i d  thnt ffie Tototion i ? 2  t?ie soiitii p n d -  
m) i t  i s  IPSS i i i  the Ivsprctit*e rmm. I t  is 1 ) t w p r  to infer thnt t h p  t7uo 
systeiiis nre t n  rtfirolly i n l r r d q m d w t ,  o ~ t l  tliot the ~ i r o i w ) i m t  qf the 
circtr1afio)i is  ottrn(Irc1 b!y n correspo)irli)ig rwritrtioii in  the trnrpera- 
t i (  ?*e dist r ihict i n  1 1 .  

At the time of constructing the chart of the velocity vec- 
tors, I was unable to esplain its meaning, and as it differed 
raclically from the charts of velocity-motion publiehed by lfr .  
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Clayton for the Blue Hill observations, and by Professor 
Hildebrandsson for European observations, i t  was desirable 
that some criterion should be found whicsh would indicate 
which configuration is to be accepted. M y  charts, as there 
explained, depended upon an asyinmetric temperature struc- 
ture of the cyclone and anticyclone, while tlie Clayton-Hilde- 
brandsson charts seemed to favor a symmetrical system, such 
as Ferrel had assumed to exist in his theoretical discussions. 
The agreement, however, of these two independent sets of 
observations, velocity vectors by the Weather Bureau, and 
temperatures by Blue Hill, Hald and Berlin, would seem to 
iudlcate that the asymmetric system of currents mUht be 
adopted. While I can not claim that the numerical values of 
Tnble 12, and fig. 6,  of this paper are entirely correct, it yet 
seems probable that the prevailing type of the temperature 
configurations in the several levels has been made out with 
sufiicient definiteness to  permit a numerical discussion of the 
data, with the aid of the thermodynamic equations in connec- 
tion with the general dynamic equations of motion, such as 
will be attempted in the other papers of this series. 

T H E  MEAN TEMPERATURE, T, IN CYCLONES AND ANTICYCLONE<. 
By means of the variations of temperature, AT, given in 

Table 12, using the mean temperatures of the second coluu~n, 
we can find the mean temperatures in each sector, N., E..  S., 
W., of the high and low areas for sumiiier ancl winter. The 
result is given in Table 13, mean ternperatures. T, in cyclones 
and anticyclones. The same data are plotted on fig. 6 ,  
and lines dividing the warm and cold areas are drawn, which 
are similar to those in fig. 5. It is not necessary to make any 
extended reinarks about the distribution of temperaturps at 
this point, but  the relations can be illustrated by fig. 7, on 
which the temperatures of Table 13 are suitably plottetl for 
each sector, the dotted lines standing for the warm areas and 
the full lines for the cool areas. The scale of the temperature 
abscissas is smaller than in figs. 3 and 4 of the preceding paper, 
in order to extend the elevation to 10,000 iiieters insteail of 
6000 meters. 

From Table 13 we can obtain the temperature falls in 1000 
iiieters for each sector by subtracting the tsnccessive teinpera- 
tures, and such temperature falls per 1000 Ineters, or gra- 
dients, may be taken as the true average for the middle of the 
stratum. On fig. 8, marked the temperature fall per 1000 
meters in each gradient, these results are plotted at the iniclclle 
distances between the 1000-meter levels. and they are con- 
nected up by proper curves, which form an interesting study. 
The first remark is that  the result of the observations iu the 
east sector of the high lerels in winter and summer probably 
need to be modified, because the east liue has escaped the 
concentration corninon to a11 the other liues. The second 
point is that the curvature of the lines iiirlicntes the p r e v a i h g  
cloud strata; that  is where the lines slope upward t u  the right, 
and where the air is relatively wnrmer than the mean gradient 
would admit, a cloud formation takes place, as cumulus in tlie 
1000-2000-meter stratum. cirrus in the X000-10,(J00-met8er 
Rtratum, winter and summer, ancl alto-ciuiiulus in the 4000- 
6000-meter stratum in summer. These levels contain an 
especially large number of mixing ciirreuts of wariu and cold 
masses, ancl the latent heat of condenhation of vapor to water 
adds a certain amount to the heat transported from other 
regions. The third and most importnut reiuark is the fact that 
the temperature gradients in the atmosphere are very varialde 
from one level to another, and that they are always smaller 
than the adiabatic gradient, 9.87. in these latitudes. I n  the 
latitudes farther south and in the Tropics, a t  least in the lower 
strata, the adiabatic gradient is, on the other hand, often less 
than that actually observed in the atmosphere. S iich relations 
of observed to adiabatic gradients will form the key to iny treat- 
ment of the thermodynamic formulse in their application to 
the atmosphere. It is apparent that the Ferrel Canal Theory 

11-3 

- 6 . 3  

- 2 . 2  

f 0 . 9  

+ 1 . 2  

of the general circulation, poleward in the upper strata and 
equatorward in the lower strata, must be practically rejected or 
greatly modified in the following manner. The heat energy of 
the Tropics escapes toward the poles principally in two strata, 
the upper in the cirrus region, where there is mixing with cold 
currents from the poles, and the lower in the cumulus strata, 
where there is also mixing with the cold polar streams, while be- 
tween these layers the intermediate strata are comparatively free 
from pronounced intermingling. The exact character and the 
extent of these operations in the cirrus level remain to be more 
fully investigated by suitable observations, which are re- 
quired before the needed details can lie secured. Especially in 
the tropical zones i t  is important to procure accurate thermal 
gradients up to high levels. The final solutionof the problem 
of the circulation of the atmosphere is dependent upon such 
ai1 exploration of the temperature conditions, because from 
these data alone can the corresponding pressure and density 
be computed. 

TARLE 14 -Mean ternl i~rnt i~ren.  T. in cyclone8 and a?tticyclmes. 
\\ 1NTE.R. 
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REZITME OF T H E  TPPICAL DISTRIBUTIONS OF THE VELOCITY, TENPERATURE, 
AND PRESSURE IN CYC'LONES ANI1 ANTICY('L0NEh. 

Having clescribetl the typical distribution o f  the velocity in 
the local circulations. in the Iuteruntionttl Cloud Report, 

pressure clistributioii, as in the MONTHLY WEATHER REVIEW for 
February, 1903, ant1 the temperature in this paper, i t  will be 
proper to summarize the results schematically, as in figs. 9 and 
10. The former gives the resultanth of the general circulation 
in the uorth temperate latitudes plus the local component, dis- 
turlmnces, ani1 the latter simply the cuinponents by themselves, 
separated froin the prevailing eastward drift. I n  fig. 9 the 
velocity is seen to diverge more and more from the eastward 
direction in the higher levels, atnil gradually to break up into 
the well-known cyclonic a i d  suticyclouic gyrations in the lower 

lx!)H, O r  the RIOXTHLY \\'EATHER REVIEW for Ifarch, 1902, the 
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levels. The anticyclone hse a system of outward oomponente 
from top to bottom, and the cyolone a system of inward com- 
ponents from bottom to top, but in neither case can there be 
any true inversion in the type of the system. The tempera- 
tures show that the wave motion is intensified on approaching 
the surface, as the strong eastward drift is gradually dimin- 
ished in the lower levels. The pressure, on descending from 
one level to the other, in the same way gradually takes on the 
well-known features of the high and low pressure areas, the 
high areas standing with the '' saddle" toward the south, and 
the low areas with the '' saddle " toward tho north. The closed 
isobars decrease in density from the surface upward, and dis- 
appear a t  two or three miles above the ground, being depleted 
at  the top by penetration into the eastward drift. Whenever 
closed isobars occur there is a vertical component of the 
circulation, downward in anticyclones, upward in cyclones. 
There is evidently very little vertical movement in the upper 
levels of the atmosphere, where the isobars are mere wavy 
lines, unless some unobserved closed isobars occur, as is prob- 
ably the case in the development of hurricanes in the Tropics. 

In  fig. 10 the disturbing components are given for the 
velocity, temperature, and pressure. I n  the velocity of the 
anticyclone there is a gradual transition of the known outflow- 
ing structure a t  the surface into a simple loop in the upper 
levels, the orientation being clianpeil only a little; in the 
cyclone the inflowing components are better preserTrec1 from 
the surface to the higher levels. hut there is a distinct rotation 
of the structure tlirougli about one quadrant. The tenipera- 
tures show the maximum clisturbauces on the boundary of the 
Iiigli and low areas, with a distinct rotation of both the cold 
and warm areas through one quadrant. The pressure dis- 
turbances consist of closed isobars gradually diminidling into 
loops in tlie liiglier levels and rotating through one quadrant, 
especially in the cyclone. In oue asliect the analytical solu- 
tion of this dynaiiiic structure is simpler than that clemandetl 
in Ferrel's or in (hildberg and Mohn's adopted types of vnr- 
tices, but i t  is certainly different from either of them. It is evi- 
dently necessary to clistinguish carefully between the cyckmic 
system proper ancl the resultant system formed by its combina- 
tion with the general eastward drift, SO that the matheinatical 
analysis shell not deal with the components and resultants 
indiscriminantly. It is not proper to appeal to observed 
resultant motions in the atmosphere in verification of a theory 
applying solely to tlie components, namely, tlie cyclonic ancl 
anticyclonic gyrations as examples of a special form of vortex. 
Having thus found at least an approximate system of correlated 
velocities, temperatures, and pressures in tlie atmosphere, i t  
will be possible to approach the matlieiliatical analysis of the 
htructure with some prospect of  a satisfactory solution. 

VERTICAL AIR CURRENTS. 
Ry F R ~ N R  W. P R n i  TOR. Dated rairhaven, Mass, Jatiiiarj 2S, 1906. 

In the MONTHLY WEATHER REVIEW for September, 1905,' RIr. 
Clayton mentions two instances of vertical air currents having 
considerable lifting power. Both occurred on mountains, and 
Mr. Clayton expresses the opinion that "it is probable that 
near the ground over a level country the air can have no 
great vertical motion, except in whirlwinds, so that phenomena 
of this kind are not olmerved." 

The writer has observed one case of a descending vertical 
air current in a valley, which seems to be a precise counter- 
part of the current that lifted Mr. Eddy's kite vertically about 
1000 feet above Blue Hill, as described by Mr. Clayton. It 
was in summer, and the writer was flying a Hargrave kite of 
the Weather Bureau pattern, standard size, without any load, 
a t  Andover. N. H., in the valley lying between Ragged and 
Kearsarge mountains. These mountains rise 1400 and 2400 

~~ ~~~~~ ~ ~~ ~~ 
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feet, respeotively, above the level of the valley floor, which is 
narrow a t  this point. 

Upward of 2000 feet of wire were out when the line appar- 
ently broke, and the kite fell rapidly and disappeared. The 
line of flight was across a river, and in order to prevent i f  
possible the wire from sagging into the river and getting wet, 
the line was reeled in as rapidly as possible. With no tension 
on the wire, and a reel that took in approximately five feet a t  
every turn, the line came in pretty fast After about 500 feet 
had been reeled in, the kite was seen to rise, and i t  was then 
discovered that the line was not broken, and that the fall of 
the kite was due to a descending air current.' 

At  another time on a summer day at  the same place, this 
kite, while flying at  an ordinary angle, rose and passed the 
zenith a t  a height of about 1000 feet, being lifted by a vertical 
current. 

The writer has several times had toy kites lifted by vertical 
currents during summer anticyclonic weather, while flying a t  
levels from 100 to  300 feet, over the south shore of Massa- 
chusetts, where the ground is tolerably level. From the fact 
that  in the nonenergetic summer areas of high barometer 
falling currents are rarely seen, while rising currents are not 
rare, i t  s e e m  to be a fair inference that a t  this time of year 
the slow descent of large masses of air is offset by the more 
rapid ascent of small masses. These small rising masses are 
probably too irregular in horizontal section and too evnnes- 
cent to generate whirls. 

SNOW FORMED BY MIXTURE OF WARM AND COLD AIR. 
City, N. J. ,  Fehriiary 7, 3006. 

There was no cloud overhead. 

By R I ~  I I A R D  W. GRAY, Assiataut Obaerrer, Weather Riireau. Pated Atlautic 

At Atlantic City, N. J., on February 6, snow, in the forin of 
iiiinute flakes, fell continuously from 10:45 a. in. to 3:30 p. m., 
the sky during this period being perfectly clear. A t  intervals, 
and for periods of froiii one to two minutes, the flurries were 
quite lieavg, ancl, except for the size of the snowflakes, had 
every appearance of an ordinary snowstoriii. Condensation 
seemed to take place a t  a low altitude (probably not more 
than 75 or 100 feet above the ground), ancl had practically 
ceased at  the elevation of ordinary buildings. 

The unusual condensation was evidently caused by the mix- 
ing of relatively warm and moist air from the ocean with the 
colder air over the land. The wind, during the occurrence of 
the phenomenon, was from the northeast; the temperature 
ranged from 15' to 2 2 O ,  and the relative humidity averaged 
about 70 per cent. Strato-cumulus clouds began to form 
about 3:30 1). ni., at which t,iiiie the snow ceased. 

It is generally taught that rain and snow are formed prin- 
cipally by the cooling due to the expansion of rising moist 
air; still it is also recognizecl that small amounts of -rain or 
snow can be formed by the cooling due to the radiation of heat 
during the nighttime, but the quantities formed lire small, the 
proc'esa is slow, and the radiation is itself checked by the haze 
or fog or thin cloud that accumulates, so that the radiation 
can only take place from the upper surface of a cloud. 

Precipitation can also take plnce by the intimate mixture of 
wariii and cold moist air, and, if the masses and temperatures 
are properly acljusted, light mow inay be forined in this case. 
It frequently occurs in the winter months that a niass of clear, 
cold air, moving southward from Canada, encounters a corres- 
ponding iiiass of warm, moist air in the United States, and the 
pressures and densities are so well adjusted that we have a 
well-defined band trending east and west, showing gentle 
southerly winds on the south side, and gentle northerly winds 
on the north, with a belt of cloucly air separating them, over 
which light rain or snow occasionally falls. Eventually, smie- 

L' Would not H, simple failure of the wind have produced the same drop 
of the kite :iod wire?-C. A. 
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FIG. S.-Temperature-isll per I(H10 Meters in Each Q u a h t .  (Latitude +40° to +60°.) XXXIV--40. 
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